If the flavor symmetry underlying quark masses and mixings is Abelian, sR-bR mixing would be close to maximal. With supersymmetry, this can drive a "strange-beauty" squark, sb1, to become rather light without adversely affecting b → sγ, while low energy constraints imply that other squarks, gluinos and charginos are all at TeV scale. However, a light neutralino, χ 0 1 , can evade the b → sγ constraint. The sb1, light or heavy, can contribute to Bs-Bs mixing and generate a CP violating phase. Direct search is analogous to usualb → b χ 0 1 , but existing bounds are weakened by possibility of sb1 → s χ 0 1 . All three effects could be uncovered soon at the Tevatron.
The source of CP violation within the Standard Model (SM) rests in the flavor sector, which is not well understood. With three quark generations, we have 6 masses, 3 mixing angles and a unique CP phase in the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix V . Together with leptons, the majority of SM parameters in fact lies in the flavor sector. However, the left-handed nature of weak dynamics screens out the mixings and CP phases (no longer unique) in the right-handed quark sector from our view. The actual number of flavor parameters are much larger than meets the eye! The observed quark masses and mixings do, however, exhibit an intriguing hierarchical pattern in powers of λ ≡ |V us |, hinting at a possible underlying symmetry [1] . If this "horizontal" (in flavor space) symmetry is Abelian, then s R -b R mixing would be near maximal [2, 3] . Unfortunately, such large flavor violation cannot make its presence known within SM. It is interesting that, with supersymmetry (SUSY), the flavor violation in s R -b R mixing is transmitted tos R -b R squark sector and could lead to measurable loop effects, even if squark masses are at TeV scale [2, 3] . Furthermore, one of the squarks, the "strangebeauty" squark sb 1 , could be driven by large flavor violation to be considerably below the other squarks [3] . In this Letter we point out that this light sb 1 squark, as well as a light neutralino χ 0 1 , can evade the b → sγ constraint. We explore the impact of larges R -b R mixing on B s -B s mixing, the associated CP violating phase Φ Bs , and the possibility of direct search for the light sb 1 squark. All of this can be covered at the Tevatron Run II, which is just starting. We stress that, besides the assumption of Abelian flavor symmetry and introducing SUSY, the quark mixing and CP phase we study are in fact on the same footing as the usual CKM matrix.
Horizontal models try to explain the mass and mixing hierarchies by powers of λ ∼ S /M , where S is the expectation of a scalar field S and M is a high scale. For Abelian symmetries, the commuting nature of horizontal charges in general gives 
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R ∼ 1 is the most prominent mixing element, but its effect is hidden and cannot be probed within SM.
Introducing SUSY and assuming that it commutes with the horizontal symmetry, the (up and down) squark mass matrices are fixed by the common horizontal charge across the chiral supermultiplet. Taking the usual approach that squarks are almost degenerate with common scale m, one finds from Eq.
where "∼" indicates approximate rather than exact equality. We see that Eq. (2) [3] ∆m D right into the ballpark of present experimental sensitivity! Conversely, this sets the scale for squarks and gluinos, for if they are lighter, ∆m D would be too large. In a similar fashion, chargino diagrams involvingũ L -c L mixing contribute to ∆m K , implying also [3] that squarks are at TeV scale, while the wino part of the chargino is heavier than 500 GeV.
With d-flavor decoupled, the s-b part of M 2 RR clearly appears "democratic". Being hermitian, it contains 4 real degrees of freedom, including a CP phase, which we parametrize as M 2(sb)
and σ is on the same footing as φ 3 ≡ arg V * ub [6] . To simplify, we take θ ∼ π/4 or near maximal. The eigenvalues m 2 m 2 , without too much fine tuning, the driving force being the
How light can sb 1 be without violating b → sγ constraint? The question is pressing since a light sb 1 driven by large strange-beauty mixing seem particularly dangerous. As shown in [3] , heavy squark and gluino loops are suppressed by 1/G F m 2 compared to SM contribution, such that b → sγ rate is hardly affected. It is interesting that, even with sb 1 as light as 100 GeV, the b → sγ constraint is still rather accommodating.
Since mass splittings are large, the calculation of short distance coefficients is done following [7, 8] . The analytic expressions of Wilson coefficients together with their renormalisation group equations (RGE) can be found in [3, 7, 9] . Our model gives large RR and RL mixings, while LL and LR mixings are CKM suppressed. In terms of the loop-induced effective bsγ couplings
, it is C 7 that receives larger contributions. This in itself provides some protection, since C 7 are not generated in SM (C We find that although RL mixing is suppressed by m b / m, its effect dominates over the RR contribution for cos σ < 0. Let us first show that C 7RR is finite and suppressed by m putation, one finds that the sb-g loop contribution to m b C 7RR is proportional to
where "super-GIM" cancellation is ensured by Eq. (3), and the sb 2 term decouples for heavy m 3 and the integral is still finite for m
We illustrate in Fig. 1 the full gluino and neutralino loop effect on b → sγ rate vs CP phase σ, for mg = 0.8 TeV and m = 2 TeV, with simplifying assumptions as stated above. It is seen that, even for m 1 as light as 100 GeV, b → sγ is still well within the allowed experimental range of (3.1 ± 1.1) × 10 −4 [6] . For heavy sb 1 ∼ 1 TeV, its effect becomes negligible, and the b → sγ rate approaches the SM value, as indicated by the horizontal line at b → sγ ∼ 3.14 × 10 −4 for our parameter choice. The σ-dependence can be understood through our earlier discussion of C 7RR and C 7RL . One can also easily check from the strength of |C 7 | 2 as seen in Fig. 1 , that the LR mixing contribution δC 7LR is indeed subdominant even though it interferes with C SM 7 which is large.
It is intriguing that, although C 7 is subdominant compared to C SM 7 , its strength is actually not small. That is,
63% − 22% for m 1 = 100 − 1000 GeV. New physics effects [3, 9] such as mixing dependent CP violation in B 0 → K 0 1 (1270)γ could be of this order (though direct CP is small because δC 7LR is small), and "wrong" Λ-polarization in Λ b → Λγ could be promising [9] .
It is known that the charged Higgs effect on b → sγ adds constructively to the SM for all tan β [12] , giving rise to a very stringent constraint on m H + . Our light sb 1 only worsens slightly the situation. Taking 2σ range of the measured B → X s γ rate, we find m H + > 620, 660 (500, 600) GeV, respectively, for tan β = 2, 60 and mg = 0.8 (1) TeV. The heaviness of H + implies that the second Higgs doublet is also likely at the TeV scale.
Turning to charginos, as stated already, the K 0 -K 0 constraint demands that the wino part of chargino mass, controlled by M 2 , should be larger than 500 GeV. Because of stringent bounds from b → sγ, unless one makes fine-tuned cancellations [11] (e.g. with H + effect), the higgsino part of chargino mass, controlled by µ, should also be at TeV scale, especially for large tan β. We do not entertain a light stop since we tacitly assume that flavor and SUSY scales are not too far apart [2] ) splittings may violate δρ constraint. We first note that δρ picks up corrections to isovector gauge boson self-energy diagrams. Our light bino case is hence of no consequence. Because the isovector gauge interaction is left-handed, contributions from right handed squarks are transmitted through LR mixing [13] . However, this is suppressed in our case by [14] . δρ can constrain only mass splittings inq L , which are TeV scale particles and do not have large splitting, and thus the seemingly dangerous large splitting involving sb 1 is safe from δρ constraint. We note in passing that our light sb 1 can evade R b constraint also. The χ 0 -d j contribution to R b is negligible [11] while χ − -t gives sizable contribu- 
(simpler mass insertion formulas given in [3] ). Because of a larger loop factor, the CKM suppressed C 4 (5) is comparable toC 1 . Thus, the explicit σ-phase dependence of the mixing amplitude is (a, b, c are real)
where b (from C 4(5) ) and c (from SM) differ in sign. Using RGE evolution from [16] and f It is interesting that ∆m Bs hovers not far above 15 ps −1 for a rather broad range of m 1 > ∼ 250 GeV and cos σ > 0, but also for the intriguing case of a rather light (< 100 GeV!) sb 1 squark for phase σ ∼ π. For such ∆m Bs values, measurement would come soon and with good prospects for sin 2Φ Bs . It is clear that sin 2Φ Bs covers the full range between −1 and 1, with a sin 2σ modulation over the basic sin σ dependence. However, ∆m Bs can also easily reach beyond 40 ps −1 , whether sb 1 is heavy or light, and measurement would take a while. This in itself would indicate new physics, but sin 2Φ Bs measurement becomes difficult. In this case one could search for C 7 effects in b → sγ as confirming evidence.
Whether ∆m Bs (and sin 2Φ Bs ) is measured soon or not, it is imperative to check whether there is a sb 1 squark below a couple hundred GeV. How should one search for it? In the usual SUSY scenario, because of heaviness of top quark, one could have a light stop or sbottom (for large tan β) by RGE evolution from very high scale, or by having large LR mixing. This has motivated the experimental search [17] are important, and the b-tagging efficiency is diluted. Thus, the standard sbottom search bound would weaken. In any case, if a light sbottom is found, one would have to check against production cross section vs theory expectations from mass measurement, to determine whether it is the standardb 1 or the sb 1 . In case χ 0 1 is heavier than sb 1 , the LSP would likely be some sneutrino, and the decay sb 1 → bνν, sνν via virtual χ 0 1 (hypercharge coupling) has similar signature.
In conclusion, flavor violation ins R -b R squark sector could be uniquely large if one has an underlying Abelian flavor symmetry. With SUSY above TeV scale, this large flavor violation could evade low energy constraints, including b → sγ, but modify B s mixing and generate sin 2Φ Bs = 0. It is intriguing that the strange-beauty squark sb 1 
